Introduction: Psoriasis is a chronic, recurrent, inflammatory skin disorder with systemic involvement. It has recently been established that psoriasis is associated with an increased cardiovascular risk. Chronic skin-specific inflammation may promote atherosclerosis. Myocardial infarction or stroke can also be a result of underlying haemostasis disorders. Disorders in fibrinolysis and thrombosis in patients with psoriasis have been observed by many authors. Aim: This study points to the key role played by the tissue factor (TF) and tissue factor pathway inhibitor (TFPI) in the extrinsic pathway of blood coagulation and the potential influence of microvascular disorders in inflamed psoriatic skin on TF and TFPI activity. Material and methods: The study included 47 patients with active psoriasis vulgaris, hospitalized in the Dermatological Ward of the Regional Specialist Hospital, Research and Development Centre in Wroclaw, as well as 18 people from the control group. Results: There were significant differences in the blood concentrations of TF and TFPI in patients with psoriasis when compared to the control group. A low TFPI concentration in psoriatic patients may indicate an increased risk of atherosclerosis. Interpretation of a decreased level of TF in patients with psoriasis is difficult because it seems to be at odds with observations among patients with other atherosclerosis risk factors such as hypertension, hyperlipidaemia, diabetes or smoking.
Introduction
Psoriasis is a chronic, recurrent skin disorder, affecting about 2-3% of the world's population, including the Polish population [1, 2] . It has been established that psoriasis is a systemic inflammatory disease [3] , with the possibility of an underlying genetically determined disorder of the immunological mechanisms [4] . At the same time, there is an increased risk of cardiovascular diseases in patients with psoriasis [5, 6] . The chronic inflammation with an underlying immunological factor typical of psoriasis may be the cause of accelerated development of atherosclerotic lesions. The complications of a generalized atherosclerotic process, such as myocardial infarction or stroke, are also associated with the presence of certain haemostatic abnormalities.
Haemostatic disorders in psoriasis
The research carried out so far on the process of haemostasis in psoriasis has revealed some abnormalities in both the coagulation system and fibrinolysis [7] [8] [9] [10] , which may pose a risk of arterial and venous occlusive diseases in these patients. In determining plasma homocysteine levels in patients with psoriasis, Vanizor et al. [9] showed that the level of fibrinogen, fibronectin and plasminogen activator inhibitor (PAI) was elevated in these patients, while at the same time tissue PAI was lowered. Marongiu et al. [7] observed in their studies an increase in the concentration of by-products of thrombin and plasmin activity, i.e. fibrinopeptides A and B in patients suffering from psoriasis. In one of the first studies on the process of haemostasis in psoriasis, when assessing patients' platelets, Berrettini et al. [8] found their increased capacity to activate and aggregate. Other researchers [10] demonstrated the presence of disorders in the metabolism of arachidonic acid and the activity of cyclooxygenase in the platelets of patients with psoriasis. Tamagawa-Mineoka et al. [11] described increased concentrations of the so-called platelet-derived microparticles (PDMP) and P-selectins in the plasma of patients with psoriasis, as well as the relation of these concentrations and the severity of psoriasis. Elevated concentrations of PDMP and P-selectin correlated with the severity of psoriasis expressed by the Psoriasis Area and Severity Index (PASI).
Płatek-Twardoch observed a decrease in the plasminogen concentration and decreased α2-antiplasmin activity in patients with psoriasis [12] . Iwan-Ziętek et al. showed that in psoriasis there is an activation of fibrinolysis, which is associated with elevated levels of tissue plasminogen activator (t-PA) produced in the vascular endothelium and in affected keratinocytes [13] .
Tissue factor and its inhibitor
The contemporary concepts on activation and control of blood coagulation, associate tissue factor (TF) with a very important role, which initiates the so-called extrinsic coagulation pathway as co-factor VII [14] . Under normal conditions, plasma TF concentrations are virtually impossible to determine as they are found in the subendothelial tissue, in places physically separated from the circulating blood [14] . It is not until the endothelial cells are damaged by injury or proinflammatory cytokines that the TF comes directly into contact with circulating blood [15] . In the pathologically changed skin in the course of psoriasis, various microvascular disorders take place (extension of the capillary loops that fill the elongated dermal papillae, or defects in the vessel walls -the so-called 'gaps') [16] , which may possibly facilitate the TF's contact with blood. Activated macrophages, keratinocytes and fibroblasts produce a number of proinflammatory cytokines, such as TNF, IL-1, IL-6, IL-8, which may also contribute to the initiation of the coagulation process by directly damaging the endothelium. The most important determinant inhibiting the procoagulant activity of the TF is its tissue factor pathway inhibitor (TFPI). This is a Kunitz-type protein produced by endothelial cells that have three domains that bind to: 1) activated TF/VII complex; 2) factor Xa; 3) plasma lipoproteins, mainly low-density lipoprotein (LDL), and to a lesser extent, high-density lipoprotein (HDL) [17] . Most of the TFPI found in the body is associated with endothelial cells. Circulating TFPI (referred to as total TFPI) is mostly (about 90%) bound to plasma lipoproteins, while the remaining part (about 5%) forms the so-called free TFPI and is present in blood platelets (5%) [17] . TFPI has the ability to inhibit coagulation by inactivating TF/VIIA complex in two ways: 1) indirectly -by binding with active factor X; or 2) directly -by binding with TF/VIIA complex (when active factor X is lacking). For direct TF/VIIA inactivation, however, a TFPI concentration about 50 times higher than in the case of indirect inactivation is necessary [18] .
TFPI as a factor directly affecting haemostasis, exhibiting at the same time close associations with plasma lipoproteins, may play an important role in the pathogenesis of atherosclerosis. Perhaps this is the link connecting the two theories: coagulatory and lipid in terms of the formation of atherosclerotic plaques and in the process leading to the narrowing of the vessel and impaired blood flow. The reduced TFPI level is also considered a risk factor for deep vein thrombosis [19] .
Aim
Due to the increased cardiovascular risk associated with psoriasis, it seems extremely important to extend the current knowledge on the role of haemostasis in this process. The aim of this study was to evaluate the concentration of TF and TFPI, which play a key role in the regulation of the extrinsic pathway of blood coagulation, in patients with psoriasis.
Material and methods
The study included 47 patients with active psoriasis vulgaris, hospitalized in the Dermatological Ward of the Regional Specialist Hospital, Research and Development Centre in Wrocław from June 2015 to June 2016, as well as 18 people from the control group. All patients gave their written consent to participate in the study. The study was approved by the Bioethics Committee of the Regional Specialist Hospital in Wrocław. The study included respondents aged 18 years and over. The diagnosis of psoriasis was determined on the basis of a typical morphology and distribution of the skin lesions. Patients with pustular and erythrodermic psoriasis were not included in the study. After obtaining written consent from the patient, an interview and a thorough clinical examination of the severity of the underlying disease (PASI assessment, method of treatment: local or general, duration of the disease, positive familial history of psoriasis, and coexistence of psoriatic inflammatory arthritis) were conducted. Furthermore, an assessment of the prevalence of cardiovascular diseases and their risk factors (body mass index (BMI), blood pressure values, smoking, premature cardiovascular events in the family, lipidogram, fasting glucose levels) was also conducted. The control group consisted of 18 healthy respondents, matched accordingly in terms of sex and age, without family history of psoriasis and with no risk factors for cardiovascular diseases.
Blood was collected from the antecubital vein of patients and healthy control individuals into a tube with anticoagulant (9 volumes of blood per 1 volume of sodium citrate). To obtain platelet-poor plasma for testing, the blood was centrifuged at 2000 g for 20 min. The prepared material was immediately frozen and stored at -86°C. TF and TFPI plasma concentrations were measured using commercial immunoassay kits following the manufacturer's instructions. Plasma levels of TF were assayed using Human (TF) ELISA Kit while TFPI plasma levels were measured using Human TFPI ELISA Kit (Shanghai Sunred Biological Technology Co., Ltd). Routine biochemical tests, such as glucose, LDL and HDL were performed using standard laboratory methods.
There were no statistically significant differences in relation to age and gender between the study and control groups (Tables 1, 2 ).
Statistical analysis
Statistical analysis included the calculation of mean, standard deviation (SD), and correlation coefficient. Normality of data was examined using the Shapiro-Wilk test and visual distribution assessment (histogram and quantile-quantile (QQ) plot). Qualitative variables were presented in the form of numbers and percentage distribution. Evaluation of the relationship between TF, TFPI and the quantitative variable was examined using the Mann-Whitney test. Quantitative variables were presented as means and SDs. The relationship between TF, TFPI and quantitative variables was examined using the Spearman correlation coefficient.
The analysis was performed using the R package for Windows (version 3.4.2) [20] .
Results
The study included 47 patients (26 females, 21 males, mean age: 46.4) as well as 18 respondents in the control group (12 females, 6 males, mean age: 48.5). The mean concentration of TF in patients with psoriasis was 472.84 ±352.66 pg/ml, and mean concentration of TFPI amounted to 85.87 ±85.91 ng/ml. In the control group, the mean TF concentration was 943.42 ±562.97 pg/ml, while mean TFPI concentration amounted to 191.38 ±130.75 ng/ml. 
SD -standard deviation, UVB -ultraviolet B, IHD -ischaemic heart disease, HT -hypertension, BP -blood pressure.
A significantly lower TF and TFPI concentration was found in the study group compared to the control group (Table 3, Figures 1, 2) .
The mean total cholesterol level in the study group was 200.1 ±44.6 mg/dl, whereas in the control group it was 212.4 ±43.0 mg/dl. The mean triglyceride concentration in patients with psoriasis was 155.0 ±76.1 mg/dl; in the control group it amounted to 119.2 ±46.6 mg/dl. No statistically significant differences were observed between total cholesterol and triglyceride levels in either group (Table 4) .
However, a significantly lower concentration of LDL and HDL was observed in the study group compared to the control group. Mean LDL cholesterol concentration in the study group was 110.2 ±35.2 mg/dl, while in the control group it was 131.5 ±35.7 mg/dl. Mean HDL cholesterol concentration in the study group was 51.7 ±13.8 mg/dl, and in the control group 57.1 ±9.7 mg/dl (Table 4) .
However, no differences were observed in TF and TFPI concentrations in the study group depending on the sex, age, psoriasis severity according to the PASI, duration of psoriasis, positive family history of psoriasis, psoriasis therapy methods, BMI, smoking cigarettes, coexistence of psoriatic arthritis, as well as cardiovascular diseases, diabetes or cancer.
Discussion
The results of the study showed statistically significant differences in the concentrations of TF and TFPI between patients suffering from psoriasis and those in the control group. These concentrations were lower in the group of patients with psoriasis. It was primarily the level of TF, statistically significantly lower in patients with psoriasis than in the control group, which proved surprising for the authors. Given that psoriasis is currently considered as one of the risk factors for cardiovascular diseases, the low level of plasma TF in these patients may seem puzzling. In many studies conducted to date, it has been observed that high plasma TF concentrations may be the risk factor for thrombosis [21] . TF occurs in the endothelial and vascular smooth muscle cells, in blood monocytes/macrophages, and in tumour cells. Its synthesis and release is stimulated by cell damage as well as cytokines and inflammatory mediators. It can stimulate the proliferation and migration of endothelial and smooth muscle cells, and it is involved in inflammation and neovascularization of tumours [21] . In recent studies, it has been observed that the level of TF is elevated in patients with atherosclerosis [22] [23] [24] . However, a study by Migdalski et al. [25] found that plasma TF concentration in patients with advanced carotid atherosclerosis is within normal limits, but the mean TF concentration in the homogenates of atherosclerotic plaque was almost 60-fold higher than the concentration in plasma. Annex et al. [26] found, however, that the levels of TF in the atherosclerotic plaques in patients with unstable coronary disease are higher than in patients with stable ischaemic heart disease. Perhaps the expression of TF (which occurs on the macrophage-derived foam cells) is higher only in some areas of the symptomatic atherosclerotic plaque, where the concentration of inflammatory cells is higher. A similar situation may also occur in psoriasis, where differences in TF concentrations between healthy skin and blood plasma and psoriatic lesions in the skin can be expected. On the other hand, the existence of microvascular disorders within the psoriatic skin lesions (extension of the capillary loops, defects in the capillary walls, damage to the endothelial cells by proinflamma-tory cytokines such as TNF-α) may lead to direct contact between TF and the circulating blood [15] , which in theory should result in elevated TF levels in the plasma of these patients. Therefore, this issue certainly requires a more thorough examination in the future. On the contrary, reduced plasma TFPI levels in patients with psoriasis may indicate an increased risk of thrombotic complications in this group of patients. Many studies have shown that a decreased concentration of TFPI is a risk factor for thrombosis in various diseases [21] . TFPI occurs in endothelial cells, monocytes, fibroblasts and megakaryocytes etc. It works by inhibiting factor X and TF/VIIa complex, preventing the generation of thrombin, and thrombosis. TFPI also inhibits the proliferation of endothelial cells as well as prevents thrombosis and vascular reocclusion in the course of inflammatory diseases, sepsis and in the rejection of transplants [21, 27, 28] . In addition, the TFPI inhibits synthesis of tumour necrosis factor α (TNF-α) by monocytes [29] . Increased concentrations of the pro-inflammatory cytokines, for example the TNF-α, do play a key role in the development of inflammation in both psoriasis and atherosclerosis. Radziwon et al. [18] revealed that the established risk factors for atherosclerosis (hyperlipidaemia, smoking) directly, albeit to a small extent, affect the TFPI concentration, similarly to vasomotor drugs or medications which improve the rheological properties of red blood cells used in the conservative treatment of occlusive arterial diseases. In the present study, there was also no correlation observed between the TFPI value and the cardiovascular disease risk factors coexisting in patients with psoriasis. However, a study by Hansen et al. [30] showed that plasma TFPI correlated with the concentration of LDL cholesterol in people with familial cholesterolaemia. In our study, no correlations were found between the TFPI level and total cholesterol, LDL, HDL and triglycerides levels in any of the examined groups; however, in the group of patients with psoriasis, decreased concentrations of both TFPI as well as LDL and HDL cholesterol fractions were observed. The reduced concentration of TFPI, as a marker of the increased risk of thrombosis, in the future may perhaps be corrected with the use of recombinant TFPI (rTFPI). The use of rTFPI in an experimental animal model prevented thrombosis (and recurrence of thrombosis following thrombolysis), decreased mortality in E. coli-induced sepsis, and also prevented the development of disseminated intravascular coagulation (DIC) syndrome [31] .
In our study no correlations were established between the TF and TFPI level and variables such as age, sex, BMI, serum lipid and glucose values (in both groups), or between the TF and TFPI level and psoriasis severity according to the PASI, duration of psoriasis, positive family history of psoriasis, present methods of therapy of psoriasis, coexistence of psoriatic arthritis, cardiovascular diseases, diabetes or tumours in the study group. However, correlations between TF and TFPI values and BMI were established in studies by different authors. When examining diabetic patients, Vambergue et al. observed significant correlations between the TFPI level and BMI and age. However, there was no significant relationship between the TFPI level and the type of coexisting diabetes (type 1 or 2) [32] . On the other hand, Kopp et al. showed that a reduction in body weight in obese patients is associated with a decrease in the TF level, which may reduce the cardiovascular risk in these patients [33] .
Conclusions
Results obtained here do confirm the observations made by other authors, that there are some important abnormalities in the haemostasis in psoriasis. It seems, however, that a precise explanation of the role of impairments of the external coagulation pathway in psoriasis requires testing on a larger number of patients, as well as additional studies on the TF and TFPI levels in affected skin of patients with psoriasis. However, it is worth emphasizing and is supported by the literature that a low plasma TFPI concentration is a risk factor for deep vein thrombosis and ischaemic heart disease [34] [35] [36] [37] . Therefore, it cannot be ruled out that a decrease in the plasma TFPI concentration in patients with psoriasis influences the occurrence of cardiovascular comorbidities. It is therefore necessary to carry out further studies, taking into account the specific clinical data of patients. Further-more, the most recent studies have shown the impact of genetic variants of the TFPI inhibitor on its concentration in blood [37] . Therefore, there is a need for genetic testing of people with psoriasis to identify potential polymorphisms in the gene that encodes TFPI inhibitor.
